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（2）尺寸、形貌可控的 SiO2 微球的合成及其应用：我们用改进的 Stöber 法结






















和 TEOS 浓度以及反应温度对制备微球的影响。结果表明，在反应温度为 35℃、
水相 pH=11.0、乙醇/水的体积比为 1:1 时，适合制备壳具刚性、形貌良好的 SiO2





















Because of their low density，high specific surface areas and infiltration ability, 
most importantly, high loading capacity to accommodate guest molecule in their 
hollow cavity, SiO2 hollow silica microspheres have extensive potential applications 
in various fields such as medicine, bio-chemistry, chemical engineering. In this study, 
we developed a facile one-step approach to synthesize monodisperse SiO2 hollow 
microspheres assisted with droplet microfluidic technology. This approach is based 
on interfacial polymerization in monodisperse water-in-oil (w/o) droplets generated 
from a cross-channel microfluidic device with a flow-focusing geometry. The 
diameter of hollow microspheres can be easily controlled by adjusting flow rate of 
oil and aqueous phase. Furthermore, by altering the concentration of precursor 
tetraethyl orthosilicate (TEOS) and surfactant cetyltrimethylammonium bromide 
(CTAB), we achieved control over morphology of the microspheres from hollow, 
partly hollow and partly solid to solid. All the research contents and results are 
shown as follows:  
(1) Generation of monodisperse w/o droplets and conditions’ optimization: We 
first fabricated a cross-channel microfluidic chip with a flow-focusing geometry by 
wet-etching technique, and then the microchannels were hydrophobically treated 
with octadecyl trichlorosilane(OTS), to effectively prevent aqueous phase from 
tailing and adhering to wall of microchannels. Monodisperse w/o droplets can be 
steadily generated, with coefficient of variation below 2.5%. The effect of oil and 
aqueous phase velocity on diameter of droplets was studied. It was found that when 
velocity ratio of oil phase to aqueous phase (Vo:Vw) was between 2:1 to 24:1, 
monodisperse w/o droplets can be steadily generated. Furthermore, diameter of 
droplets can be easily controlled by adjusting flow rate of oil and aqueous phase. At 
a fixed oil velocity, the diameter of droplets increases as the velocity of the aqueous 















of droplets decreases as the velocity of the oil flow increases. 
(2) Synthesis and application of size and morphology controllable hollow SiO2 
microspheres monodisperse SiO2 hollow microspheres were synthesized with 
modified Stöber method assisting with microfluidic technology. Dispersed aqueous 
phase containing cosolvent ethanol, catalyst ammonia and cationic surfactant CTAB 
is slowly injected into the inlet, and the immiscible fluid, the hydrophobic 
continuous oil phase containing precursor TEOS, is injected into the other two inlets 
in a direction perpendicular to the dispersed phase. Monodisperse w/o droplets are 
continuously generated based on the mechanism of shear force-driven break-off. 
Hollow microspheres can be produced when the hydrolyzation and subsequent 
condensation of TEOS take place at the water-oil interface. The synthesized SiO2 
hollow microspheres were characterized by SEM, XRD, Laser Scanning Confocal 
Microscope, N2 absorption experiment. By adjusting flow rate of oil and aqueous 
phase, diameter of droplets can be easily controlled. At a fixed oil velocity, the 
diameter of microspheres increases as the velocity of the aqueous phase increases. 
On the other hand, when the aqueous flow rate is fixed, the diameter of microspheres 
decreases as the velocity of the oil phase increases. We systematically studied the 
effects of experimental and environment conditions such as the ratio of ethanol to 
water, pH, temperature, concentration of TEOS and CTAB on the morphology of 
SiO2 microspheres. The results clearly indicate that SiO2 hollow microspheres with 
rigid shell and good morphology can be synthesized at the follow conditions: 
temperature is 35℃, pH=11.0, the ratio of ethanol to water is 1:1. Furthermore, by 
altering the concentration of TEOS and CTAB, we achieved control over 
morphology of the microspheres from hollow, partly hollow and partly solid to solid. 
At last, iodine was used as a toxic drug analogue to illustrate the detoxification 
capability of our hollow microspheres, the result indicated that rapid and high 
efficient detoxication can be realized.  
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Table l .1 不同芯片材料的优缺点[18] 
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